culture media of typical cellulolytic fungi, CBHs are the most abundant among the secreted proteins, often accounting ~60% w/w (3, 4) . The cbh1 gene can represent different glycoforms, which may be a result of posttranslational modifications, through proteolytic cleavage by an endogenous enzyme or glycosylation (5) . Protein glycosylation is the most complex posttranslational modification process, which includes N-and O-glycosylations (6) . Both types of glycosylations are prevalent in CBHs. O-linked glycosylation occurs at the linker abundant in the hydroxyl groups of serine (S) and threonine (T) residues, whereas N-linked glycosylation occurs at the asparagines (N) in the N-X-S/T consensus sequence motif in the catalytic domain (CD).
The isoforms observed in Trichoderma reesei Cel7A are partly due to the random substitution of glycans on N-glycosylation sites (7) . N-glycosylation patterns and sites are studied extensively in T. reesei cellulases. However, knowledge on the role of N-glycosylation is still limited. A large amount of information on the glycosylation of yeast proteins and heterologous expression in filamentous fungi has been published. However, the nature and effect of glycosylation on proteins in filamentous fungi are poorly understood (8) . Recently, protein glycosylation has become widely accepted as an important factor affecting enzyme activity. CBHIs expressed in Saccharomyces cerevisiae and Pichia pastoris are hyperglycosylated, and neither exhibits any activity (9) . By removing the Asn-384 glycosylation site and expression in Aspergillus niger, T. reesei CBHI shows 70% greater activity compared with the wild-type T. reesei enzyme (7) . The role of glycosylation was studied previously using heterologous expression, and rarely by homologous expression, which could not provide the most accurate information because the glycosylation of cellulase varies with the expression host and culture conditions (7) . Accordingly, the current paper studies the effect of glycosylation on CBH using homologous expression to produce the most accurate information regarding the effect of N-glycosylation on cellulase. In this study, the effects of N-glycosylation, together with its site and chain lengths, on the enzymatic activity of CBHI were thoroughly investigated.
EXPERIMENTAL PROCEDURES
Microorganism and culture condition. A fast-growing cellulolytic fungus, P. decumbens 114-2, was isolated from the soil (10) . Its catabolite repression-resistant and cellulase-overproducing mutant, JU-A10, was obtained via physical and chemical mutagenesis from the wild strain 114-2 in our laboratory (11) . The medium used for cellulase production was according to Gao et al. (12) . PyrG-deficient P. decumbens 114-2 was used as the homologous expression host. Subsequently, 0.05% uridine was added to the aforementioned medium for cellulase production. Spore suspension was inoculated into 50 mL liquid medium in a 300 mL conical flask and grown at 30 °C with rotatory shaking at 180 rpm. Purification of proteins. Concentrated culture filtrate was loaded onto the gel filtration chromatography column (Sephadex G-75, GE, Sweden). The column was equilibrated and washed with 20 mM sodium acetate buffer (pH = 4.8) at 0.15 mL/min flow rate. Protein concentration was detected using a spectrometer at 280 nm absorbance.
The main fractions eluted from the gel filtration chromatography column were collected and concentrated using a Mr 10 000 Da cut-off Millipore membrane (Millipore, USA). The concentrated fractions were separated using an anion exchange SP Fast Flow column (GE, Sweden), which resulted in three peaks. The collected fractions from the three peaks were used for further separation. The combined fractions from the peaks were loaded into a DEAE Fast Flow column (1.6 cm × 20 cm) (GE, Healthcare, Sweden) equilibrated with 20 mM sodium acetate buffer (pH 4.0, 4.6, and 5.0). The column was eluted with a linear NaCl gradient from 0 M to 1 M in the same buffer at 2 mL/min flow rate, and fractions of 2 mL each were collected. Determination of protein concentration. Protein concentrations were determined using a trace protein concentration determination kit via the bicinchoninic acid method (TransGen Biotech, China).
Internal amino acid of purified proteins via matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS). Purified proteins were identified via tandem MS (MS/MS) by the Beijing
Proteome Research Center and Tianjin Biochip Corporation in Nankai University. Enzyme assay of purified proteins. Culture supernates were collected via centrifugation. Aliquots of the supernates were diluted for the CBH activity assay following a previously described method (12) .
EG and β-glucosidase activities were determined using different cellulosic substrates at 1% concentration (w/v), namely, carboxymethyl-cellulose (CMC) and salicin. The reactions were performed in a 50 mM sodium acetate buffer (pH 4.8) at 50 °C for 30 min. The total amount of reducing sugars in the supernates was determined via the dinitrosalicylic acid method (13) . Effects of temperature and pH on CBH activity. The optimum temperature for purified proteins on CBH activity was measured from 30 °C to 80 °C in a 50 mM sodium acetate buffer (pH at 4.8). The optimum pH for purified proteins on CBH activity was measured at the pH range of 3 to 7. Thermostability was investigated by incubating the enzyme in a water bath at 50 °C in the same buffer without a substrate. Samples were collected at different time intervals, and the residual activity was assayed. Synergism between purified proteins and different enzyme samples. Supplementation experiments were performed in duplicate in a 10 mL centrifuge tube. The reaction mixtures contained 5% (w/v) pretreated corn stover (water washed, provided by DSM, Holland) and 20 FPU of different commercial enzyme preparations per gram substrate in a total volume of 5 mL (NS50012 and NS50013 from Novozymes, USA; Jan-A from DSM, Holland; Gen from Genencor, USA). Supplementation dosage of 0.36 mg/g substrate of the four CBHI glycoforms was from P. decumbens JU-A10. Saccharification was performed at 50 °C for 15 h, and glucose concentration was determined using an SBA-4 Biological Sensor Analyzer (Biological Institute of Shandong Academy of Science, China).
Analysis of cotton fibers treated with purified proteins via Fourier transform-infrared (FT-IR) spectroscopy, X-ray diffraction (XRD), and scanning electron microscopy (SEM).
Easily observable cotton fibers with high crystalline degrees were used as substrates. For seven days of treatment, 100 µg purified P. decumbens JU-A10 proteins was added separately to 20 mg cotton fibers at 50 °C . The precipitate was acquired via centrifugation at 10,000 g for 10 min and completely dried via progressive ethanol dehydration. The precipitate was dried at 50 °C for 10 h using a vacuum dryer (DZF-6020, Shanghai). The cotton fibers were analyzed via FT-IR and XRD according to previously described methods (14, 15) . The hydrogen-bond intensity (HBI) and crystallinity (CrI) of the cotton were calculated according to Liu et al. (14) .
The cotton fibers treated with purified P. decumbens JU-A10 proteins were scanned via SEM to compare the changes in diameter. The cotton fibers were coated with platinum before and after treatment, and then studied. Images were taken using a JEOL JSM-6700 SEM (JEOL, Japan), and the cotton fiber diameters were estimated using Sigma Pro 5.0 software. The cotton fiber diameters were equal to the average of hundreds of cotton fibers.
Sugars released from the cotton fibers were determined using high performance liquid chromatography (HPLC) (Shimadzu, Kyoto, Japan) with a refractive index detector (Shimadzu, Kyoto, Japan). All samples were diluted and passed through a 0.45 μm filter before HPLC analysis. The saccharides were separated in an Aminex HPX-87P column (Bio-Rad, Hercules, CA, USA) running at a flow rate of 0.6 mL/min at 78 °C, with water as eluent. Analysis of N-glycans using mass spectra of proteins. The mass spectra of the peptides were obtained after the digestion of proteins via sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) with trypsin. The peptide masses of the purified P. decumbens JU-A10 proteins were analyzed using a peptide mass tool from ExPASy. Some peptide masses from the mass spectrum were more than the theoretical unmodified tryptic peptides. The peptide masses were taken into account and compared with the peptide masses with potential N-glycosylation sites (16) . The N-glycan structure was speculated based on the previously reported molecular weight of glycans. Modification of N-linked glycosylation sites of the cbh1 gene. Genomic DNA was extracted from P. decumbens JU-A10 cultivated in Mandel's medium for 48 h. The cbh1 gene was amplified from JU-A10 via polymerase chain reaction (PCR) using mutagenic primers. The two amplified gene fragments were purified and fused together via fusion PCR. The whole fragment containing the mutation site was amplified with approximately 2,000 bp fragments upward and downward, which were used as homologous arms for transformation. Fungal transformation and confirmation of the cbh1 gene containing the mutation site. The cbh1 fragment with homologous arms and ANIp-8 was cotransformed into the PyrG-deficient P. decumbens 114-2. The transformants were selected on plates without uridine via single spore culture for further analysis. The PyrG-deficient P. decumbens 114-2 was transformed according to the method described by Gomi et al. (17) . Positive clones were verified though DNA sequencing.
The DNA and RNA of transformants were acquired. The mutated cbh1 genes were amplified using DNA and cDNA from successful transformants. The cbh1 genes with mutation site were sequenced and compared with the wild-type cbh1 gene from P. decumbens using the Basic Local Alignment Search Tool at the National Center of Biotechnology Information.
Modeling of the cbh1 catalysis domain with different types of glycosylation.
Using the amino acid sequence acquired through MALDI-TOF, the cbh1 gene was found in the genomic library of P. decumbens. The cbh1 gene structure was predicted based on a previously published T. reesei CBHI structure. The 3D structure of the cbh1 CD was modeled using the automated mode of the SWISS-MODEL. The glycoproteins with four different glycans were built, solvated, and energy minimized using Glycam (18) . The Glycam output structures were visualized and analyzed using PyMOL (19) .
RESULTS

Purification of P. decumbens JU-A10 proteins.
The whole purification scheme for P. decumbens JU-A10 proteins is shown in Fig. 1 . The concentrated culture filtrate was loaded into the gel filtration chromatography column (Sephadex G-75) (GE, Sweden). The main proteins (peak I) with CBH activity were first eluted. A small amount of protein (peak II) was absorbed on the gel filtration chromatography and finally eluted. Peak II protein was detected via SDS-PAGE as a single band with a molecular weight of 66 kDa (Fig. 2 ). The main fractions (peak I) were collected and filtrated using Millipore. The concentrated fractions were separated by an anion exchange SP Fast Flow column (GE, Sweden), which resulted in three peaks marked as peaks III, IV, and V. The collected fractions from the three peaks were used for further separation (Fig. 1) . The combined fractions of each peak were separated using a DEAE Fast Flow column (GE, Sweden) at different pH values. The three proteins marked as peaks VI, VII, and VIII were all detected via SDS-PAGE as a single band. The molecular weights of the three P. decumbens JU-A10 proteins were 74, 57, and 68 kDa, respectively ( Fig.  2A) .
Identification of the four purified P. decumbens proteins via MALDI-TOF (MS/MS).
The proteins purified from the extracellular P. decumbens JU-A10 proteins were identified through MS/MS at the Beijing Proteome Research Center and Tianjin Biochip Corporation in Nankai University. The internal amino acid sequences of the four proteins were analyzed via in-gel digestion of the protein. The four proteins were digested with trypsin, sequenced via MALDI-TOF, and identified as exoglucanase (CBH) 1 from Penicillium. Using the amino acid sequence acquired via MALDI-TOF, the cbh1 gene was found in the genomic library of P. decumbens 114-2 (unpublished data). Surprisingly, the four proteins shared identical gene and amino acid sequences of CBHI from P. decumbens 114-2. In agreement, peptide mass fingerprinting of the four CBHI glycoforms strongly suggested that the four CBHI glycoforms shared a common polypeptide core, which endured differential glycosylation. The four proteins were designated as CBHI-A (peak II), CBHI-B (peak VI), CBHI-C (peak VII), and CBHI-D (peak VIII).
Characteristic assay of the four CBHI glycoforms. The enzyme activity against the pNPC of the four CBHI glycoforms was tested. Interestingly, CBHI-A exhibited no detectable activity against pNPC, whereas CBHI-B, CBHI-C, and CBHI-D demonstrated 0.3, 0.25, and 0.44 IU/mg, respectively. The optimum temperatures for the purified CBHI-B, CBHI-C, and CBHI-D were 40, 50, and 70 °C, respectively (Fig. 3A) . Optimum pH levels for CBHI-B, CBHI-C, and CBHI-D were 5, 4, and 4, respectively, as obtained by measuring their activities at the pH range of 3 to 7 (Fig. 3B) . The purified CBHI-A exhibited no enzymatic activity against CMC, pNPC, and salicin. The four CBHI glycoforms, with identical amino acid sequences, showed different enzyme characteristics. The differential glycosylation is hypothesized to be responsible for the different biochemical and physical properties of the CBHI glycoforms.
Analysis of the N-glycans of the four CBHI glycoforms using mass spectrum data. The MALDI-TOF mass spectrum of the peptides obtained after a tryptic digestion of the SDS-PAGE band is shown in Supplemental data Fig. 1 . Using the peptide mass from the ExPASy proteomic site (http://expasy.org/tools/peptide-mass.html), specific tryptic peptides matching the amino acid sequences of CBHI were found. By comparing the experimental masses of glycopeptides with the theoretical ones, more masses were found. The molecular weights of the glycans detected using MADIL-TOF (20) were acquired from a previous paper and used to analyze the N-glycan structures of the different CBHI glycoforms.
The peak with m/z 1500.8 (Supplemental data Fig.1 ) corresponded to the N-glycosylated peptide (LYLLENDTTYQK) in the amino acid sequences of CBHI. By comparing the experimental masses of CBHI with the theoretical ones, the additional peak with m/z 2639.2 cumulatively differed from the peak with m/z 1500.8 by 1138 Da. According to the molecular weight of the N-glycan structure detected using MADIL-TOF (20) , it was found that (Man) 3 (GlcNAc) 2 + GlcNAc bound to the Asn-137 of CBHI-A. Similar analyses of the MS data were performed for the other CBHI glycoforms.
The glycans (Man) 3 (GlcNAc) 2 + (Man) 3 GlcNAc, (Man) 3 (GlcNAc) 2 + (Man) 2 (GlcNAc) 2 , and (Man) 3 (GlcNAc) 2 + (Man) 5 GlcNAc were found bound to Asn-137 in CBHI-B, CBHI-C, and CBHI-D, respectively. The oligosaccharides seemed to represent the well-known conserved core structure of (Man) 3 (GlcNAc) 2 by forming high-mannose and hybrid/complex glycans in the glycoproteins from different organisms. Furthermore, N-glycosylated proteins share a common structure, (Hex) x + (HexNAc) y (Man) 3 (GlcNAc) 2 , in Chrysosporium lucknowense (16) . Comparing the glycans at Asn-137 with the CBH activities of the CBHI glycoforms, longer glycan chains at the Asn-137 of CBHI were found to have higher CBH activities.
Synergism between CBHI-A and the different enzyme samples. The four CBHI glycoforms were respectively supplemented to different commercial cellulases with a small dosage of 0.36 mg protein/g substrate in a total of 5 mL volume. A total of 5% pretreated corn stover (water washed) was used as the substrate. Saccharification was performed at 50 °C for 15 h. Surprisingly, CBHI-B, CBHI-C, and CBHI-D exhibited no apparent synergism with the commercial cellulases (data not shown), whereas CBHI-A showed a strong synergism on cellulose degradation with the different enzyme samples. In the supplementation experiment, although the dosage of CBHI-A was small, the glucose yield realized from the pretreated corn stover (water washed) increased from 20% to 40%. Surprisingly, the addition of CBHI-A to the NS50013 sample (incomplete cellulase system) from Novozymes increased glucose deliberation by approximately 60%, with pretreated corn stover as the substrate (Fig. 4) . This result implies that nonhydrolytic CBHI glycoforms have a new function and feature.
Analysis of cotton fibers treated with CBHI-A via FT-IR spectroscopy and XRD. The rationale behind the synergism between CBHI-A and the different commercial cellulases, as well as the effect of CBHI-A on the substrate, still needs to be discussed. Structural changes in the cotton fibers treated with CBHI-A were analyzed via FT-IR spectroscopy, XRD, and SEM (Fig. 5) . The absorbance of the hydrogen-bonded OH stretch was at 4000 cm -1 to 2995 cm -1 wavenumber range. FT-IR spectroscopy showed that at 4000 cm -1 to 2995 cm -1 wavenumber range, the transmittance of the cotton fibers treated with CBHI-A evidently increased, implying a decrease in absorbance. The HBI and CrI of the cotton fibers treated with CBHI-A decreased by 19% and 34%. This result implies that the hydrogen bonds and crystalline of the cotton fibers were destroyed. The sugars released in the supernatant were determined through centrifugation and analyzed by HPLC. Cellobiose was the dominant product of hydrolysis. The hydrolysis of the cotton fibers by CBHI-A produced no cellobiose and reducing sugar, whereas the hydrolysis by CBHI-B, CBHI-C, and CBHI-D produced 14.2, 13.8, and 28.2 mg cellobiose/g cotton fibers, respectively. The fracture surfaces of the cotton fibers were observed using SEM, and the cotton fiber diameters were determined using the Sigma Pro 5.0 software. The diameter of the cotton fibers treated with CBHI-A for seven days was 96 nm, which was approximately 7% larger than that of the cotton fibers before treatment. According to the AFM results (21, 22) , enzymatic hydrolysis would perform in the outer surface of the cellulose and then in the next layer. According to the model, a single glycan chain should be removed from the microfiber to be effectively hydrolyzed by cellulase. CBHI-A may play an important role in destroying the hydrogen bonds of cellulose to spin off micro-fibers. N-glycosylation may provide nonhydrolytic CBHI glycoform a new function and synergism.
Removal of the N-glycosylation sites from CBHI and expression of the mutants.
The N-linked glycosylation sites in P. decumbens CBHI were indicated at Asn-137 and Asn-470 (Supplemental data Fig. 2 ). The mutated cbh1 gene was expressed in P. decumbens. The DNA and RNA of transformants were acquired. The mutated cbh1 genes were amplified using DNA and cDNA from successful transformants. The cbh1 genes with mutation site were sequenced and compared with the wild-type cbh1 gene from P. decumbens. The results showed that the sequence of mutated cbh1 amplified from DNA was in agreement with that amplified from cDNA. The cbh1 containing mutation site was only expressed in the mutation strains at the gene and transcript level, while non-mutated cbh1 was not found at all. These results confirmed that the asparagine (N) has been successfully replaced by aspartate (D) in the mutant strains. The enzyme of the recombinant CBHI (rCBHI) was purified using SP and DEAE Fast Flow columns, and detected via SDS-PAGE (Fig. 2B) . The removal of N-linked glycosylation at ASN-137 or ASN-470 sites all resulted in two different rCBHIs with different molecular weights. Both rCBHIs with glycosylation at ASN-470 or ASN-137 (rCBHI-N137D-470 or rCBHI-N470D-137) had the same molecular weight of 76 kDa, whereas others (rCBHI-N137D or rCBHI-N470D) had no glycosylation at ASN-470 or ASN-137 with a molecular weight of 57 kDa (Fig. 2B) . The activities of the rCBHIs with no glycosylation were 0.72 IU/mg (Table 1) , which was 65% higher than that of CBHI-D, the wild-type CBHI with the highest specific activity. However, the deglycosylated protein lost its activity in a half-month, even at 4 °C . Thermal inactivation kinetics was studied by incubating the rCBHIs in the buffer (pH = 4.8) at 50 °C . The thermostability of rCBHI-N470D-137 was higher than that of rCBHI-N137D and rCBHI-N470D (Fig. 3C) . The profiles of the thermal inactivations of rCBHI-N137D and rCBHI-N470D were identical, and their half-lives decreased to approximately 40 min. Glycoproteins are known to be more resistant to denaturation than their deglycosylated equivalent (23) .
The effect of N-glycosylation on CBH activity was determined by the N-glycosylation site. RCBHI-N470D-137 exhibited enzymatic activity at 0.61 IU/mg, which was 40% higher than that of CBHI-D. This result implies that glycosylation at Asn-137 could greatly improve CBH, which is in agreement with the results from the MS data. That is, longer glycan chains result in higher CBH activities.
RCBHI-N137D-470 has no enzymatic activity, which implies that the glycan at Asn-470 negatively affects CBH activity. The molecular weights of the rCBHIs with glycosylation at Asn-137 or Asn-470 were larger than any wild-type CBHIs.
Modeling of the cbh1 catalysis domain with different types of glycosylation. The structure of the cbh1 gene product was predicted based on the previously published structure of T. reesei CBHI (1q9h). P. decumbens JU-A10 CBHI showed a high degree of sequence identity (73.7%) with the template 1q9h via SWISS-MODEL. As shown in Fig. 6 , different forms of glycans at the Asn-137 of CBHI were marked in the modeled 3D structure of CBHI CD. Asn-137 was located on a loop at the back of the CD and near the entrance of the active-tunnel of CBHI. The modeled 3D structure of CBHI CD showed that the glycan chain at Asn-137 extended between CBM and CD in the space position. The glycan chain may affect the conformational states and the collaboration between the two domains, thereby enhancing the processing activity and favorably improving the CBH activity (7) . These data suggest that not only the active site but also the coordination and cooperation of the two domains of the enzyme affect the enzymatic activity. The effect of the glycan chain on the collaboration between the two domains and the enhancement of the enzymatic activity requires further investigation.
Asn-470 is located at the linker region of P. decumbens CBHI. Hence, the presence of the glycan at this position could limit the linker's freedom. The absence of N-glycans could increase the linker's flexibility, which may improve the CBHI's binding to the substrate and the threading of a cellulose chain into the CBHI tunnel.
DISCUSSION
The CBHs produced by the fungal species are similar in primary sequence (60% overall identity) but significantly different in their rates and extents of cellulose hydrolysis (7, 24) . The reason behind the similar sequences among CBHIs but largely different enzymatic activities still needs to be discussed. Glycans could carry much more finely tuned information than other biomolecules because of their diversity (25) . The roles of glycosylation in enzyme function have not been fully elucidated (26) . For understanding why different forms of CBHI displayed different characteristics and biological functions, we analyzed the N-glycosylation structures CBHI from P. decumbens. We found that all forms of CBHI have the same amino acid sequence, but have different N-glycosylation structures. Therefore, we presumed that N-glycosylation site and glycan structure may be the one of main reasons for their functional difference. The present paper presents a systematic analysis of the effects of N-glycosylation on the enzymatic characteristics and functions of CBHI. In addition to the effects of glycosylation and N-glycan length on the enzymatic activity, the glycosylation site showed a significant role in CBH activity. By analyzing the effects of deleting N-glycosylation sites in the gene, the effects of N-glycsylation on enzyme activity were confirmed. Glycosylation at Asn-137 improved cellobiohydrolase, whereas glycosylation at Asn-470 completely inhibited cellobiohydrolase. Identical glycosylation sites of T. reesei CBHII have different degrees of glycosylation and different glycosylation sites may have a competitive relationship (27) . The degree of glycosylation at each site was not fixed; that is, it may be fully or partially glycosylated. The molecular weights of the rCBHIs with glycosylation at Asn-137 or Asn-470 were larger than any wild-type CBHIs, implying that the Asn-137 or Asn-470 of rCBHI was fully glycosylated. Many different wild-type CBHI glycoforms are products of different glycosylation at Asn-137 and Asn-470. Therefore, the specific CBH activity of the wild-type CBHI glycoform ranged between 0 and 0.71 IU/mL. The identity gene expressed different CBHI glycoforms by selecting different ways of post-translation modifications.
Glycosylation may provide the nonhydrolytic CBHI glycoform a new function and synergism with other cellulases. The current paper has reported a CBHI glycoform (CBHI-A) with no detectable enzymatic activity but with strong synergism with different commercial cellulases. These results demonstrate that CBHI-A could disrupt the hydrogen bonds of cellulose and make the high-crystalline cellulose more amorphous. More than 60 years ago, Reese et al. (28) first proposed that the C1 factor destroying the crystalline of cellulose is beneficial for the hydrolysis of cellulose by cellulase. In the course of exploring the mechanism of cellulose degradation, many studies discovered several materials with a similar function to C1, including swollenin from T. reesei (29) , CDH from Phanerichaete chrysoporiu (30) , HO· from T. reesei (31) , and the short fiber-generating factor from T. pseudokoningi (32) . However, the above materials are subject to much debate because of their unapparent synergism with commercial cellulases. The present study found a real cause of the cellulose hydrogen bond destruction.
During
N-glycosylation as post-translational modification, part of the CBHI was modified with a high-mannose glycan to generate CBHI-A. N-glycosylation provided CBHI-A a new function of damaging the hydrogen bonds of the crystalline cellulose. We speculated that different N-glycosylation may affect the conformational states and change the pace of processing activity of CBHI. However, the real effect mechanism of N-glycosylation on CBHI function ， especially on the specific difference of CBHI-A, is still not very clear, need to be investigated farther in future.
Many scholars have been looking for synergism factors from cellulases but have neglected the original evolution of cellulase. The metabolic evolution process is economical and needs to be simplified (33) . Therefore, a protein family always contains proteins with enzyme functions, whereas others may not function as enzymes at all (34) . Expansin is a well-known example. Expansin does not have a hydrolytic activity but has amino acid sequences similar to GH45 endoglucanase. Expansin could weaken the mechanical strength of the cellulosic filter paper by disrupting the hydrogen bonds between the cellulose chains and cell wall polysaccharides (36). Proteins of the same family, with similar or the same amino acid sequences, may have different biological functions. This phenomenon may be common in cellulase evolution. Evolution may select N-glycosylation as a modification to providing different functions from identical proteins.
Compared with transforming the cellulase and changing the ratio of different components of the cellulase system, glycosylation could significantly improve cellulase activity. Understanding the effect of glycosylation on cellulase is important for further improvement of the enzyme technology for biomass conversion. This conclusion could provide guidelines for the reconstruction of the cellulase system, including the selection of the type and component of cellulase with a higher activity.
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